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The	 individual	preferences	of	100	consumers	between	20	and	30	years	old	 for	 the	
color	of	16	milk–fruit	juice	beverages	(MFJB)	were	investigated	by	preference	map-

















functional	 foods	 (Pszczola,	 2005);	 however,	 there	 are	 little	 data	 re-
lated	to	quality,	safety,	or	acceptability	of	these	products	(Sampedro,	
Geveke,	Fan,	Rodrigo,	&	Zhang,	2009).





Instrumental	 color	measurements	 are	 simple,	 accurate,	versatile,	
and	objective.	To	characterize	color,	 there	are	different	 instruments,	
such	 as	 colorimeters,	 spectrophotometers,	 and	 spectroradiometers,	
and	independently	of	the	instrument	used,	it	is	very	important	to	define	
measurements	conditions	correctly.	CIE	(International	Commission	on	














Salvador,	 &	 Fiszman,	 2001).	 For	 the	 consumers,	 color	 is,	 alongside	
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freshness,	one	of	the	main	criteria	for	food	selection,	and	a	key	factor	in	
sensory	acceptance	 (Fernández-	Vázquez,	Stinco,	Melendez-	Martinez,	
Heredia,	 &	Vicario,	 2011;	Quitao-	Teixeira,	Aguiló-	Aguayo,	 Ramos,	 &	










for	 these	 products	 and	 its	 consumer	 acceptance.	Thus,	 the	 aims	 of	
this	study	were	(1)	to	characterize	the	color	of	MFJB	beverages	using	
different	techniques,	(2)	to	study	the	consumers’	acceptance	of	their	
color,	 and	 (3)	 to	 identify	 and	 characterize	 different	 consumers	 seg-
ments	 in	terms	of	color	acceptance	by	means	of	 internal	preference	
mapping.
2  | MATERIALS AND METHODS
2.1 | Samples
Sixteen	 commercially	 available	MFJB	 formulated	with	milk	 or	 dairy	







The	 color	 of	 the	 beverages	was	measured	 in	 a	 spectrophotometer	
CM5	 (Konica	Minolta	Sensing	Americas,	 Inc.,	NY).	Each	sample	was	
contained	in	75-	ml	capacity	transparent	plastic	bottles.	The	color	pa-
rameters	of	the	uniform	color	space	CIELAB	L*; a*; and b*	were	ob-
tained	directly	from	the	apparatus.	Color	data	obtained	were	averages	
of three measurements.
2.2.2 | Digital image analysis (DIA)
The	DigiEye	 imaging	system	was	used	to	capture	 the	digital	 images	
(Luo,	CUI,	&	LI,	2001).	The	latter	system	includes	a	calibrated	digital	
camera	with	10.2-	megapixel	Nikon	D80	(Nikon	Corporation,	Tokyo,	
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To	 calculate	 the	CIELAB	coordinates	 from	RGB	color	 space,	 the	





hue	 in	 comparison	with	a	gray	 color	with	 the	 same	 lightness	 and	 is	
considered	the	quantitative	attribute	of	colorfulness.	Hue	(hab)	is	the	
















Consumers	 were	 asked	 to	 evaluate	 how	 much	 they	 liked	 the	











Consumer	 data	 first	 underwent	 normality	 testing	 (Shapiro–Wilk	
test)	 and	 were	 subsequently	 analyzed	 using	 nonparametric	 tests	
(Kruskal–Wallis)	 to	 identify	 differences	 among	 samples.	Then,	 these	
data	were	 further	 examined	 using	 hierarchal	 cluster	 analysis,	 using	
Squared	Euclidean	Distances	and	Wards	criterion,	and	 internal	pref-
erence	mapping.
Independence	 between	 demographic	 variables	 and	 consumer	
clusters	were	analyzed	by	χ2 test.
All	statistical	analyses	were	performed	using	the	program	Statistica	












Spectrophotometry Digital image analysis
L* C* hab L* C*ab hab
S1* 85.75	±	0.02a 21.53	±	0.02a 75.01	±	0.03a 90.91	±	0.12a 22.05	±	0.20a 77.90	±	0.40a
S2 54.67	±	0.09b 9.73	±	0.04b 99.56	±	0.08b 73.31	±	0.13b 21.97	±	0.20a 87.91	±	0.18b
S3* 81.19	±	0.01c 27.60	±	0.03c 74.44	±	0.03c 86.67	±	0.07c 27.69	±	0.11b 75.38	±	0.09c
S4* 83.06	±	0.02d 28.64	±	0.08c 80.34	±	0.03d 89.57	±	0.09d 30.55	±	0.12c 81.80	±	0.22d
S5 55.64	±	0.12e 21.69	±	0.83a 86.48	±	0.47e 72.31	±	0.05e 30.66	±	0.31c 78.59	±	0.13ae
S6 49.03	±	0.08f 14.63	±	0.06d 94.14	±	0.08f 70.40	±	0.65f 28.80	±	1.09b 86.83	±	0.41f
S7 60.08	±	0.07g 25.90	±	0.09e 88.67	±	0.14g 68.79	±	0.11g 33.10	±	0.14d 84.10	±	0.06g
S8 50.86	±	0.02h 51.84	±	0.04f 62.08	±	0.09h 61.75	±	0.22h 50.48	±	0.19e 54.24	±	0.07h
S9 51.73	±	0.18i 43.50	±	0.10g 68.40	±	0.03i 67.53	±	0.02ik 51.40	±	0.07e 62.47	±	0.12i
S10 58.25	±	0.02j 26.66	±	0.12ce 83.12	±	0.04j 76.15	±	0.00j 42.93	±	0.00f 79.21	±	0.00e
S11 53.45	±	0.14k 37.40	±	0.15h 64.31	±	0.05k 66.95	±	0.00i 45.86	±	0.00g 59.75	±	0.00j
S12 53.04	±	0.19	l 36.36	±	0.44h 61.95	±	0.08h 67.76	±	0.08kl 45.18	±	0.08g 57.40	±	0.15k
S13 48.69	±	0.06f 43.91	±	0.12g 61.79	±	0.06h 62.01	±	0.05h 51.54	±	0.08e 52.59	±	0.15	l
S14 49.64	±	0.01m 39.93	±	0.11i 63.10	±	0.06l 64.97	±	0.22m 47.58	±	0.22h 56.20	±	0.14m
S15 57.28	±	0.04n 53.97	±	0.09j 81.28	±	0.05m 65.71	±	0.4m 57.87	±	0.14i 81.69	±	0.12d
S16 58.30	±	0.00j 40.03	±	0.04i 76.09	±	0.03n 68.49	±	0.03gl 57.52	±	0.08i 70.63	±	0.06n
a–oDifferent	superscripts	within	columns	for	each	parameter	indicate	statistically	significant	differences	(p < 0.05).
*Samples	stored	under	refrigeration.
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3  | RESULTS AND DISCUSSION
3.1 | Instrumental color measurements
Table	2	 shows	 the	 color	 coordinates	of	 the	beverages	measured	by	
the	two	techniques.	Lightness	(L*)	values	ranged	from	61.75	to	90.91	
in	DIA	and	from	48.69	to	85.75	in	SPE,	thus	samples	seemed	lighter	
when	SPE	was	considered.	Chroma	 (C*ab)	values	 ranged	 from	21.55	
to	57.52	in	DIA	but	from	9.73	to	53.97	in	SPE,	showing	again	lower	
values,	and	wider	range	when	SPE	is	considered.	Finally,	hue	(hab)	val-
ues	 ranged	from	52.58	to	87.91	 in	DIA	and	from	61.79	to	99.56	 in	
SPE,	which	means	that,	when	DIA	is	considered,	samples	seemed	more	
reddish.
Zulueta,	 Esteve,	 and	 Frígola	 (2007)	 reported	 similar	 values,	 rang-
ing	from	53.05	to	80.62;	17.67	to	63.59;	and	35.47	to	115.57;	for	L*,	
C*ab and hab,	 respectively,	 in	different	commercial	MFJB	analyzed	with	










of	 lightness,	 had	 as	main	 ingredient	milk	 and	 its	 proportion	 of	 fruit	
was	minor	(5%–6%	of	concentrated	fruit).	This	could	explain	the	high	
values	of	lightness	in	those	samples.
However,	 generally,	 beverages	 which	 contain	 mayor	 propor-
tion	 of	 fruits	 with	 reddish-	yellowish	 colorations,	 such	 as	 orange,	 
peach,	 mango,	 or	 carrot,	 presented	 hue	 values	 minor	 of	 70°,	 







Figure	1	 shows	 the	 samples	 in	 the	 CIELAB	 space	 (Diagram	 a*b*)	
measured	by	SPE	(Figure	1a)	and	DIA	(Figure	1b).	It	can	be	observed	
that	samples	were	situated	in	the	same	area	of	the	CIELab	diagram,	
independently	of	 the	 technique	used	although	with	 slight	modifica-





able	method	 for	evaluating	 color	 in	 food,	 as	 it	 has	 already	been	 re-
ported	 for	 wine	 and	 orange	 juice	 (Fernández-	Vázquez	 et	al.,	 2011;	
Martínez,	Melgosa,	Pérez,	Hita,	&	Negueruela,	2001).	However,	there	
might	 be	 differences	 among	 the	 measurements,	 depending	 on	 the	
technique	 used.	 They	 may	 be	 related	 mainly	 to	 differences	 in	 the	




statistically	 significant	 (α	=	0.05).	Thus,	 it	 confirmed	 the	 relationship	
between	 both	 techniques	 in	 the	measurements	 of	 the	 color	 of	 this	
kind	of	beverages.
3.2 | Consumer study
Results	 from	 the	 demographic	 and	 consumption	 questionnaire	 are	
shown	in	Table	3.	Results	indicate	that	85%	of	consumers	considered	
these	 products	 as	 beneficial,	 and	 70%	 consumed	 them	 quite	 often	
(39%	did	so	two	or	more	times	per	week).	Participants	who	did	not	
use	 to	consume	these	beverages	stated	that	 they	did	not	 like	 them	
(63%),	or	they	preferred	other	beverages,	such	as	natural	juices	(20%).
Figure	2	 shows	 mean	 values	 given	 by	 consumers	 to	 the	 bev-
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significantly	preferred	samples	with	orangish	and	more	vivid	appear-
ance	 instead	of	 those	with	more	whitish	 look	 (Table	4).	This	 could	
be	due	to	the	fact	that	consumers	expected	to	find	colorful	bever-
ages	as	 they	are	 supposed	 to	be	made	with	 fruits,	 and	when	 they	
observed	beverages	with	whitish	 color,	 they	may	 associate	 it	with	
a	 lower	 fruit	 content.	This	 apparently	 lower	 preference	 could	 also	
be	due	 to	 the	 low	mean	consumption	on	 the	group.	However,	 the	
consumers	 segment	with	 highest	 rate	 of	 dislikers	 (Cluster	 1,	 32%	
dislikers,	see	Table	3)	are	the	best	discriminators	between	samples	
in	 terms	of	color	appearance,	 reaching	 the	highest	mean	scores	 in	
some	samples.
Relation	between	consumer	acceptance	and	color	parameters	was	
explored,	 and	 they	 showed	 that	 hue	 and	 chroma	were	 significantly	
(p	<	0.05)	correlated	with	consumer	acceptance,	with	the	highest	cor-




erences	 for	 color,	 a	 segmentation	 of	 the	 panel	 group	was	 done	 by	










Male 11 38 33
Female 89 62 67
Consumption 0.202
Yes 63 83 67
Frequency 0.300
<Once	a	week 42 28 29
Once	a	week – 14 14
Twice	a	week 5 10 16
>Twice	a	week 16 31 8
No 37 17 35
Reasons –
High	price – 3 –
It	is	not	beneficial – – 1
Don’t	like 32 3 22
Other 5 11 12
Opinion	about	if	these	products	are	beneficial –
Yes 84 93 80
No 16 7 20
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three	groups	of	consumers	clearly	 identified,	and	 their	demography	
and	 consumption	 habits	 are	 shown	 in	 Table	3.	 Results	 from	χ2 test 
showed	 that	 there	 were	 no	 significant	 differences	 in	 demographic	
characteristics	 or	 consumption	 frequency	 among	 clusters,	 indicat-
ing	that	these	variables	did	not	influence	color	acceptance	patterns.	
Previous	 studies	on	consumer’s	 color	acceptance	of	different	prod-








with	 a	 whiter	 look,	 with	 punctuations	 lower	 than	 2	 (“Dislike	 very	
much”).
TABLE  4 Mean	acceptance	scores	and	appearance	of	the	samples	(pictures	taken	with	DigiEye	System)
Samples Acceptance scores Samples Acceptance scores Samples Acceptance scores Samples Acceptance scores
S1 3.5 S2 3.7 S3 3.9 S4 4.0
S5 4.2 S6 4.5 S7 4.7 S8 4.9
S9 5.3 S10 5.4 S11 6.1 S12 6.2
S13 6.3 S14 6.4 S15 6.4 S16 6.6
F IGURE  3 Mean	appearance	scores	given	by	each	of	the	clusters








These	 observations	 give	 additional	 information	 to	 the	 general	
results	discussed	earlier.	For	 instance,	 it	 seems	 that	while	 for	 some	
consumers	 (Cluster	1),	color	of	 the	samples	 is	 important,	since	they	
are	 capable	 of	 differentiating	 samples	 in	 terms	 of	 acceptance,	 just	
by	 looking	 at	 them;	 other	 consumers	 (Cluster	 2)	 did	 not	 found	dif-
ferences	 among	 the	 beverages	when	 they	 only	 evaluated	 their	 ap-





only,	 and	 it	was	conducted	 to	visualize	 the	general	behavior	of	 the	
clusters	 of	 consumers	 (Figure	4).	 Two	 preference	 dimensions	 ac-
counted	for	95.18%	of	the	total	variance,	so	the	third	preference	di-
mension was not considered.










Furthermore,	 samples	 are	 divided	 by	 the	 first	 dimension	 in	 two	
well-	defined	 groups.	 In	 the	 part	 of	 negative	 values,	 samples	 with	
slightly	white	 and	 gray	 appearance	 are	 located	 clearly	 far	 from	 the	





















and	 the	 likely	 benefits	 from	 their	 inclusion	 into	 products	 for	 human	
consumption.	Trends in Food Science & Technology,	15,	484–488.
F IGURE  4  Internal	preference	mapping	
defined	by	the	two	first	preference	
dimensions	from	the	consumers’	cluster
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